Background
Introduction
Establishment of a benign breast disease/lesion (BBD) as a risk factor for invasive breast cancer (IBC) typically requires a longitudinal case-control study [1, 2] . For an infrequently-reported BBD, it is very difficult to conduct a longitudinal study due to the shortage of reported cases. Here we explore the possibility of using a co-occurrence analysis to estimate the risk of a BBD for IBC, until longitudinal studies can be conducted. This method could provide vital information for estimating the risk for IBC from less-frequently-reported, and as a consequence understudied, BBDs.
In this study we focus on one infrequently reported BBD, fibroadenomatoid change (FAC). FAC is characterized by a microscopic nodule resembling a fibroadenoma, but often without the typical circumscription and proliferative stroma associated with fibroadenoma. FAC is additionally characterized by elongated, compressed glands embedded in a fibrotic stroma. Although FAC has been recognized since the early 1980s [3] , literature about this lesion is sparse. In the literature FAC is often defined as prominent hyperplasia of the lobules with sclerosis of the interlobular stroma presenting as a diffuse or poorly-circumscribed tumor, bearing the composite features of fibroadenoma (FA) and fibrocystic changes (FCC) [4] [5] [6] [7] . FAC is also known as fibroadenomatous hyperplasia, sclerosing lobular hyperplasia, fibroadenomatosis, or fibroadenomatoid mastopathy [4, 5, 7] , and FAC is observed across different race groups [3, 5, 7] . The mean age of FAC diagnosis is 32-33 years, which is similar to that of patients with FCC (35 years) but notably older than that of patients diagnosed with FA (26 years) [5, 7] . In the literature, there is no information on FAC's association with IBC or with any common risk/protective factors for IBC or BBDs. The natural history of FAC remains unclear. FAC has been speculated to represent a morphological stage in the development or degeneration of FA, or to represent the intermediate stage of a growth disorder between FCC and FA related to the influence of estrogen and progesterone [4] [5] [6] .
Study of FAC has been hindered by the low number of reported cases. Up to date, no longitudinal study has been reported to assess the risk for IBC from this lesion, nor has there been a published co-occurrence study of this lesion with IBC. There are, however, a small number of studies including our own work on the co-occurrence of other BBDs including FCC and FA, with in situ or invasive breast cancers [8] [9] [10] [11] [12] . However, these publications have generally only reported the frequencies or co-occurrence rates of these BBDs, and have not included an odds ratio (OR) estimation. The study of FAC has also been hindered by factors negatively affecting the study of BBDs in general, for example the lack of a consistent and clear-cut clinical and histopathological definition [13] . Also, pathologists may differ in their interpretation of how to apply such definitions, causing pathologist-to-pathologist variation in disease diagnosis [14] . In addition, clinical pathologists often record only the most advanced lesion for diagnosis. Less severe lesions may be omitted from the surgical pathology report; however, from a research perspective, inclusion of this information might be helpful.
Analyzing data from the Clinical Breast Care Project (CBCP) [15] [16] [17] , we determine that it is possible to study FAC using the CBCP cohort. For CBCP subjects enrolled from the Walter Reed National Military Medical Center (CBCP-WR), a single, experienced breast pathologist reviews all the pathology slides from biopsies and surgically removed tissues, and records detailed pathologic information onto a master list of 131 pathologic conditions as part of the CBCP Pathology Checklist. FAC is recorded, as well as 78 other BBDs. Thus, the data from the CBCP-WR patients overcome several of the shortcomings described earlier for the study of FAC; these data provide a good opportunity for a co-occurrence study of FAC with IBC.
We seek to determine whether co-occurrence analysis can be used for initial analysis of a BBD as risk factor for IBC. While focusing on FAC, we also study FA and FCC using the same methods and compare the findings with the literature for validation of the method. FA and FCC are selected because they have been comprehensively studied with established risk associations with IBC [13, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . We first assess common risk/protective factors for their associations with the BBDs, then study these BBDs adjusted for common risk/protective factors for their associations with IBCs and IBC subtypes. Logistic regression models are developed, and several potentially important observations are made.
Methods

Ethics Statement
This study was conducted in accordance with a minimal risk protocol entitled "Tissue and Blood Library Establishment for Molecular, Biochemical and Histologic Study of Breast Disease", approved by the IRB of the Walter Reed National Military Medical Center (IRBNet #20704) for the Clinical Breast Care Project (CBCP). Written informed consent was given by participants for use of their medical records and additional data collected through the CBCP questionnaires and data forms. The consent also allowed biospecimen procurement and subsequent use for genomic and proteomic experiments. Research using these molecular and clinicopathologic data was covered by the protocol, including this specific study reported here as part of the CBCP.
Subjects
This study drew from a pool of patients enrolled in the CBCP from the Walter Reed National Military Medical Center. Patients seen at the CBCP-WR clinic were military beneficiaries referred by a primary care doctor. Conditions resulting in such a referral included, an abnormal mammogram reading, a high risk family history, or other breast-related indications. A Core Questionnaire was completed for every enrolled subject by a nurse case manager, covering demographics, medical history, and risk factor information, etc. For patients undergoing a biopsy/surgery, a Pathology Checklist was completed by the CBCP pathologist to record any of 131 breast pathology lesions observed, including FAC and 78 other BBDs. A diagnosis category was assigned to each patient based on the most severe diagnosis present (i.e., Benign, Atypical, In Situ, Invasive, Other Malignant). CBCP patients enrolled between December 2000 and February 2011, who underwent a biopsy, were identified for this study, and the cohort selection was done as illustrated in 
Variables of interest
We studied three BBDs, FAC, FA, and FCC, from the 131 breast pathology conditions. The CBCP pathologist considered FCC as composed of any one or combination of 4 components: stromal fibrosis, cysts, apocrine metaplasia, and sclerosing adenosis. This definition of FCC was therefore used in the CBCP program. We understood that the definition of FCC was not static and had evolved over time [30] [31] [32] .
Six common risk/protective factors for IBCs and BBDs were selected from the literature; they were: 1) Current use of oral contraceptive (OC) with a binary value of Yes/No; 2) Number of live births binned into three levels of 0, 1-2, and !3; 3) Body mass index (BMI), binary binned into <25 kg/m 2 
Statistical modeling
All statistical tests were two-sided; p<0.05 was considered statistically significant. All analyses were carried out using SAS version 9.3. For logistic regression analysis, ORs and 95% confidence intervals (CIs) were calculated. The lowest level of each variable was used for reference as needed.
Multivariable logistic regression models were developed to study the association between the outcome and the variables (predictors), which was preceded by a univariate analysis for variable selection where only the variables satisfying p<0.25 qualified for modeling. A preliminary model was first built, using a stepwise selection procedure. Next, all possible two-way interactions between variables in the preliminary model were examined, using backward selection (p< 0.05 for inclusion).
Three BBD models were developed to study the association of the common risk/protective factors with FAC, FA, and FCC, respectively. For each model the BBD outcome was "Yes" or "No", and the common risk/protective factors were used as predictors. To study the association of the three BBDs with IBCs, one IBC model was developed where the outcome was IBC Case (patient diagnosis category: Invasive) or Control (patient diagnosis category: Benign). The three BBDs, as well as the 6 common risk/protective factors, were used as the predictors. To study the association of the three BBDs with IBC subtypes, two IBC subtype models were developed, using the subtypes in reference to Control or the LA subtype as the outcome respectively. The 3 BBDs and the 6 risk/protective factors were used as the predictors.
Results
From a total of 3503 CBCP subjects with a pathology checklist, 1667 were eligible for this study (Fig 1) . There were 619 cases with an IBC, and 1048 controls with benign disease. Representative pathologic images of FAC, FA, and FCC are shown in Fig 2. The study cohort properties are shown in Tables 1 and 2 . Table 1 characterizes the three BBD cases/controls in relation to the 6 common risk/protective factors, where a BBD case is a patient positive for the BBD, and a BBD control is a patient negative for that BBD. It was observed that for both FA and FCC all 6 risk/protective factors distributed significantly differently between BBD cases and controls; yet for FAC, only age, current OC use, and the number of live births showed significance. Table 2 characterizes the IBC Cases and Controls (Benign) in relation to the 3 BBDs and the 6 factors, showing how these three BBDs co-occurr with IBCs. Here all these variables distributed significantly differently between IBC Cases and Controls. The three BBDs also co-occurred with each other and such co-occurrences are detailed in S1 Table. The results from the BBD model for FAC are shown in Table 3 . Of all the 6 factors analyzed, only age was significantly and positively associated with FAC (p = 0.015). Number of live births (p = 0.095), race (p = 0.096) and current OC use (p = 0.077) trended towards association with FAC. No significant interaction was identified. Compared to younger women, middle-aged women were more likely to have FAC (OR = 2.029, 95% CI = 1.232-3.344).
The results from the FA model are shown in Table 4 . Number of live births (p<0.0001) and age (p<0.0001) were significantly associated with FA. The interaction between age and number of live births was also significant (p = 0.006). Specifically, significant associations were detected for younger women (<41 years) but not for other age groups, and the number of live births was negatively associated with FA. There was a trend that HRT use, combination or estrogenonly, was negatively associated with FA (p = 0.102). Table 5 shows modeling results for FCC. Age (p<0.0001), race (p<0.0001), current OC use (p<0.0001), and BMI (p<0.0001) were significantly associated with FCC. Compared to younger women, older and middle-aged women were at higher risk of developing FCC, and older women trended towards a lower risk of developing FCC when compared to middle-aged women. Regarding race, AA women were at a lower risk, compared to CA women. The association of current OC use with FCC depended on BMI as demonstrated by the significant interaction between the two variables (p = 0.043). In women with a BMI<25 kg/m 2 , current OC use negatively associated with FCC. On the other hand, in women not currently using OC, those with a BMI!25 kg/m 2 had a lower risk for FCC.
Next, we developed an IBC model to study IBC association with concurrent BBDs. Of the 6 common risk/protective factors included in the model, only age and race were independently associated with IBC. The associations of BMI and HRT with IBCs were reflected as interactions with FAC or FA respectively (S2 Table) . Table 6 (Table 7) . On the contrary, FA negatively associated with all the subtypes. FCC did not associate with any subtypes. Again, no other significant association or interaction was detected.
We further investigated whether FAC preferentially associated with any of the three subtypes lacking expression of HER2. Thus a similar IBC subtype model was developed, in reference to LA this time. Again age (p<0.001), race (p = 0.023), and BMI (p = 0.004) were significantly associated with IBC subtypes (see S4 Table) . Here again, only FAC (p = 0.033), (4) 16 (5) 58 (4) 6 (4) 26 (4) 38 (4) Other 77 (6) 27 (9) 88 (6) 16 (11) 45 (6) 59 (7) Current OC use Estrogen 181 (14) 16 (5) 176 (12) 21 (15) 84 (12) 113 (13) Combo 230 (18) 21 (7) 222 (16) 29 (20) 79 (11) 172 (20) Other 2 37 (3) 4 (1) 40 (3) 1 (1) 18 (3) 23 ( but not FA or FCC, was significantly associated with IBC subtypes in reference to LA (Table 8) . 
Discussion
FAC, FA, and FCC are associated with the 6 common risk/protective factors in distinct patterns. FAC only significantly associated with age (Table 3) , exhibiting a bell-shaped risk distribution such that middle-aged women had the highest risk compared to younger women (a significant OR = 2.029) and older women (a trend OR = 1.368, reciprocal of OR = 0.731 for older women vs. middle-aged women). Race trended towards association with FAC, as did the number of live births (positive trend), and current OC use (negative trend). FA, on the other hand, negatively associated with age and the number of live births ( Table 4 ). The interaction Age Ã Number of live births indicated that for younger women, FA negatively associated with the number of live births. Thus, despite the controversy in the literature in regard to full-term pregnancies being risk or "protective" factors for FA [24, 25, 33] , our results support full-term pregnancies as being a protective factor. Our study also confirms that younger women are more likely to be diagnosed with FA [13, 23] . In addition, FA trended towards a negative association with the use of HRT (Estrogen only or Combination), and this observation is also consistent with the literature that ERT (HRT-Estrogen) use in general does not result in increased risk for FA [13, 25] . In this study, an FA case was defined as a subject with an FA lesion whether it was a simple or complex FA, as we wished to use the same analysis method across the board for all the three BBDs. We also point out that although BMI did not make to the final model for FA, in the initial univariate analysis BMI was significantly and negatively associated with FA (OR = 0.597, CI = 0.464-0.768, and p<0.0001). While this finding will need to be independently verified, we caution against the validity of the consensus "protective" effect of obesity on FA reported in the literature [23, 24, 33] . We report for the first time that FCC has a negative association with current OC use in women with a BMI<25 kg/m 2 (OR = 0.309) but Fibroadenomatoid Change Co-Occurs with Breast Cancer consistent with literature that found obesity to be "protective" for FCC [23, 24] . FCC also associated with age and race as reported in the literature [13, 23] . By developing logistic regression models for IBC prediction, we report here for the first time that FAC is positively associated with IBC (Table 6 ). This association is significant for women with a BMI!25 kg/m 2 (OR = 2.132), and is even more profound for women with a BMI<25 kg/m 2 (OR = 6.784). While these observations will need to be independently validated, their reliability is supported by the results shown in S2 Table from the same model. These results show that common risk factors associated with IBC are consistent with the consensus in the literature for age, race, and BMI [34] [35] [36] [37] [38] . Specifically regarding BMI, women without FAC had a higher BMI positively associated with IBC (OR = 1.495), whereas women with FAC had a higher BMI negatively associated with IBC (OR = 0.470). Realizing that only 4.58% of Controls and 14.05% of Cases are positive for FAC (Table 2) , and the fact that most of the subjects in this study are post-menopausal (data not shown but were partially reflected in age distribution in Table 2 ), the observed association of BMI with IBC is consistent with the literature that found increased BMI is a risk for IBC in post-menopausal women [37, 38] . It is intriguing that FAC associates significantly only with IBC HER2-negative subtypes (OR = 7.220 for LA, 3.757 for LB-HER2-, and 5.219 for TN), see Table 7 . Moreover, FAC association with the LA subtype is comparable to its associations with the LB-HER2-and TN subtypes (Table 8) . Such selective associations bring up an interesting question in regard to whether the HER2 signaling pathway prohibits the co-occurrence of FAC with IBC. It will also be interesting to see whether FAC is associated with treatment outcome.
Besides producing new observations related to FAC, these logistic models also enabled us to study the associations of IBC with two other BBDs, FA and FCC, whose risks for IBC development have been widely reported [13, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Although not without controversy, the general consensus has been that simple FA is not a risk for IBC but complex FA is; non-proliferative FCC are not a risk but proliferative FCC are. Our analyses indicate that FA is negatively associated with IBC and that FCC are not associated with IBC (Table 6) ; these results are consistent with many studies (e.g. [8, 39] ). The negative association of FA with IBC is reflected in the Fibroadenomatoid Change Co-Occurs with Breast Cancer significant interaction FA Ã HRT, with ORs ranging from 0.104 to 0.334 depending on the status of FCC and whether only estrogen HRT was used or HRT was never used. Such detailed association relationships have not been reported before. We notice that the IBC association with the interaction FA Ã HRT depends on FCC status, which seemed to suggest a 3-way interaction. To be prudent we re-analyzed the data by including all 3-way interactions to this model, but found out that none of them were significant. Thus this nominal "3-way interaction" was introduced by the significant interaction FCC Ã FA (see below) to the interaction FA Ã HRT bridged by FA.
Our model also showed that the interaction FCC Ã FA is significantly associated with IBC, which has also previously not been explicitly reported. FCC positively associated with IBC only when there was co-occurring FA. We believe that this interaction reflects the reported results that complex FA has a slightly increased risk for breast cancer [19, 21, 22] , because three of the four lesions that constitute FCC (cysts, apocrine metaplasia and sclerosing adenosis) also constitute complex FA [19, 32] . Thus, the results from our models may help explain some of the conflicting reports in the literature on whether FCC or FA is a risk factor for IBC.
Our study provides new observations to the literature on BBD association with IBC subtypes. Unlike FAC, the negative association of FA with IBC was uniform across IBC subtypes, and the lack of association of FCC with IBC was also uniform across all subtypes. Thus the selective association with IBC subtypes is unique for FAC, which enhances our confidence in the reliability of the results from this co-occurrence study.
While we are encouraged by the findings from this study, we recognize the differences between this co-occurrence analysis and a longitudinal study. Under several circumstances where a BBD is associated with IBC, a co-occurrence analysis could suggest that the BBD is a risk factor for IBC: 1) the co-occurring BBD is a precursor of IBC and the BBD persists through the development of the IBC; 2) the co-occurring BBD and the IBC are initiated from a common mutational ancestor; 3) a proliferative environment that facilitates IBC development also favors development of the co-occurring BBD. A positive association of a BBD with IBC through the co-occurrence analysis warrants a longitudinal study to validate whether this BBD is indeed a risk factor for IBC. Mutational and genomic analyses of IBC and co-occurring BBD need to be done to determine whether a BBD is in fact a precursor lesion to the IBC and not simply an associated lesion.
Another factor we consider is that the CBCP-WR cohort is a breast disease patient cohort. Thus, the odds of detecting FAC are higher compared to observations from the general population. However, the elevations of the odds in both IBC and control groups should be similar, and consequently should cancel each other out when deriving the OR reported in this cooccurrence study for the association of FAC with IBC. The OR trend direction (>1 or <1) should hold compared to what would be observed from the general population.
In summary using co-occurrence analyses, we report for the first time that FAC is positively associated with IBC. Our subtype co-occurrence model extends this association to only HER2--negative IBC subtypes. These results warrant a longitudinal study to determine whether FAC is indeed a risk factor for IBC. The associations from these analyses for FA and FCC with IBC are in general consistent with the literature, and we also make new findings that help to explain some of the controversial reports on risks for IBC from FA and FCC. These observations suggest that co-occurrence analysis can be used for the initial assessment of risks for IBC from BBDs. We further report that FA is negatively associated with IBC, and that common risk/protective factors associate with FAC and FA in distinct patterns.
We conclude that FAC is positively associated with IBC, and furthermore only with HER2--negative subtypes. In addition, FAC is most likely a distinct lesion from FA and should not be considered as an immature form of FA. Our results also suggest that co-occurrence analysis can be used for initial assessment of risks for IBC from BBDs, and this conclusion is important to the study of less-frequently reported BBDs for which conducting a longitudinal risk assessment for IBC is difficult.
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